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Introduction 


The  survival  of  women  with  high-grade  epithelial  ovarian  cancer  is  directly  related  to  the  spread 
of  the  tumor.  Women  with  disease  limited  to  the  pelvis  do  well  with  many  being  cured,  while 
those  patients  whose  tumor  has  spread  outside  of  the  pelvis  suffer  recurrences  and  the  majority 
will  die  from  the  disease.  Nevertheless,  the  standard  of  care  for  patients  with  high-grade  ovarian 
cancer  is  surgery  followed  by  6  cycles  of  chemotherapy  (carboplatin/taxol)  regardless  of  the 
spread  of  the  tumor.  Although  some  early  stage  patients  are  benefiting  from  this  strategy, 
approximately  50-60%  of  patients  with  high-grade  early  stage  cancer  will  not  develop  recurrent 
disease  even  in  the  absence  of  chemotherapy.  These  patients  thereby  suffer  unnecessary  short 
and  long-term  toxicities  of  chemotherapy  with  no  benefit.  Thus,  the  development  of  accurate 
biomarkers  predictive  of  tumor  recurrence  becomes  essential  to  identify  women  with  early-stage 
disease  who  will  benefit  from  chemotherapy  while  sparing  the  rest  the  unnecessary  treatment 
with  quality-of-life  and  cost-effectiveness  ramifications.  This  approach  parallels  efforts  in  breast 
cancer  where  tests  like  “oncotype  dx”  provide  valuable  information  on  disease  recurrence  to 
women  with  early  stage  breast  cancer.  To  the  best  of  our  knowledge,  there  is  no  available  large- 
scale  molecular  characterization  of  early-stage  ovarian  tumors.  Here,  we  propose  to  develop 
genomic  signatures  correlated  with  clinical  outcomes  and  in  particular  tumor  recurrence  for  early 
stage  ovarian  cancer.  The  status  of  DNA  copy  number  variation  (CNV)  in  recurrent  and  non¬ 
recurrent  early  stage  high  grade  ovarian  cancer  will  be  investigated  using  a  large,  fully  annotated, 
consortium  cohort  of  1628  samples  from  clinical  trials.  Integrated  analysis  will  be  performed  by 
combining  the  gene  expression  profiles  obtained  from  a  recently  terminated  ongoing  DOD 
project  (W81XWH-12-1-0521)  using  the  same  1628  samples  with  the  gene  copy  results  from 
this  proposal.  Through  the  integrated  analysis  of  deleted,  amplified  and  aberrantly  expressed 
genes  in  early  stage  ovarian  cancer,  we  expect  to  develop  predictive  biomarkers  for  future 
prospective  stratification  of  women  with  early  stage  ovarian  cancer  to  adjuvant  carboplatin/taxol 
chemotherapy  versus  careful  follow-up.  This  study  will  also  contribute  the  identification  of 
therapeutic  biomarkers  and  stratification  of  early  stage  ovarian  cancer  patients  most  likely  to 
benefit  from  targeted  interventions. 

KEYWORDS:  Early  Stage  Ovarian  Cancer,  genomic  predictive  signature,  recurrence,  DNA 
copy  number  variation 

Research  Accomplishments 

Major  Task  1:  Obtain  DNA  samples  from  consortium  specimens.  Months  3-8 

The  tasks  for  the  first  project  period  included:  1)  Obtain  DNA  FFPE  specimens  collected  through 
the  consortium  of  early  stage  high  grade  ovarian  cancer,  2)  Analyze  about  50%  of  all  required 
samples  through  IlluminaHumanOmniExpress-FFPE  BeadChip  system. 

Through  a  previous  DOD  award  (W81XWH-12-1-0521)  we  have:  1)  Established  an  international 
consortium  through  which  we  have  collected  1628  FFPE  samples  of  serous  ovarian  cancer,  2) 
identified  592  early-stage  high-grade  ovarian  cancers  with  5-year  follow-up,  clinical  annotation 
and  accurate  pathological  review  (228  recurrent  and  364  non-recurrent),  3)  established  a 
specimen  repository  and  clinical  data  inventory  at  MGH,  4)  Sequenced  RNA  from  these  tumor 
samples,  5)  Obtained  preliminary  RNAseq  data  indicating  the  need  to  analyze  384  samples  at  a 
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ratio  of  2  non  recurrent  tumors  versus  1  recurrent  tumor  to  obtain  a  statistically  significant 
genomic  signature. 

In  addition,  in  the  last  budget  period  of  this  award  we  have  optimized  an  SOP  for  double  DNA 
and  RNA  extraction  from  our  FFPE  tissues  and  a  procedure  to  randomize  these  samples  to  avoid 
any  batch  effect. 

Major  Task  2:  To  determine  the  copy  number  variation  (CNV)  for  early  stage  high  grade 
ovarian  cancers  through  IlluminaHumanOmniExpress-FFPE  BeadChip  system.  Months  9-18 

In  the  first  year  of  funding  we  had  also  selected  the  RPCI  Genomics  Shared  Resources  at 
Roswell  Park  Cancer  Institute  as  a  core  facility  for  CNV  analysis  of  our  samples,  but 
unfortunately,  the  Illumina  Hybridization  Chips  utilized  for  this  analysis  have  revealed  to  be 
inefficient  as  we  had  less  than  30%  hybridization  in  more  than  50%  of  samples  of  the  initial 
batch  of  48  samples  that  was  analyzed.  This  was  an  unfortunate  result  that  delayed  the  final 
analysis  of  all  samples  and  identification  of  a  DNA  signature  that  predicts  for  recurrence  in  early 
stage  high  grade  ovarian  cancer. 

We  have  thus  submitted  this  initial  batch  of  48  samples  to  the  DFCI  Molecular  Biology  Core 
Facilities  to  test  a  DNA  CNV  analysis  procedure  based  on  shallow  (5X)  whole  genome 
sequencing  (WGS)  technology  using  the  Illumina  NextGen  platform.  Shallow  WGS  has  recently 
emerged  as  an  alternative  to  microarray  for  copy-number  detection,  including  the  utilization  of 
FFPE  DNA  as  input.  Through  working  with  the  DFCI  core,  we  have  overcome  two  major 
obstacles  to  ensure  that  copy-number  can  be  reliably  estimated  through  standardized  workflow  of 
segmentation.  This  include:  1)  elimination  of  the  amplification  bias  during  the  library 
preparation  by  using  a  PCR-free  protocol,  and  2)  elimination  of  the  necessity  of  using  a  reference 
‘normal’  specimen  by  using  observed-sequencing-depth  across  the  genome  to  infer  copy-number 
variation.  A  bioinformatic  pipeline  requiring  the  correction  of  sequencing  bias  has  been  executed 
using  QDNAseq  R/Bioconductor  package,  which  implements  the  correction  of  low  mappability, 
extreme  GC  content,  as  well  as  difficult  regions  known  to  be  associated  with  Illumina  platform 
as  previously  disclosed  by  large  studies  like  ENCODE  or  1000  Genome  Project.  The  results  of 
this  shallow  WGS  sequencing  procedure  in  the  first  48  samples  are  attached  to  this  progress 
report  and  were  deemed  viable  for  the  identification  of  a  signature  for  recurrence. 

Overall,  given  the  technical  difficulties  we  had  in  processing  our  FFPE  tumor  tissues  for  both 
RNAseq  under  the  DOD  award  W81XWH-12-1-0521  and  DNA-CNV  under  current  award,  we 
have  requested  a  one  year  no  cost  extension  of  this  current  award  to  terminate  all  data  analysis 
and  integration. 

Major  Task  3:  Integrated  analysis  of  the  DNA-CNV  results  and  the  RNAseq  results 
obtained  from  a  paralleled  DOD  study  of  the  PI  W81XWH-12-1-0521.  Months  18-24 

All  384  early  stage/high  grade  ovarian  cancer  FFPE  samples  have  now  been  sequenced  and 
divided  in  training  and  validation  sets  and  data  analysis  is  ongoing.  It  is  to  note,  that  throughout 
these  years  we  have  received  an  additional  funding  from  the  Ovarian  Cancer  Research  Fund 
(OCRF)  complementing  these  studies  that  includes  analysis  of  micro-RNA  expression  in  these 
samples.  Thus,  we  started  a  parallel  analysis  of  RNAseq,  DNA-CNV,  and  miRNAseq.  To  avoid 
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any  bias,  we  decided  to  analyze  all  these  genomics  data  in  parallel  at  the  same  time  and  then 
integrate  the  results.  We  predict  to  have  conclusive  data  by  the  end  of  2017. 

Results  disseminated  to  communities  of  interest:  We  have  created  a  news  letter  that  is  being 
distributed  every  2  months  to  communities  of  interest  (attached).  This  news  letter  updates  the 
communities  on  the  status  of  the  project  and  keeps  them  engaged.  It  may  be  used  to  ask  for  more 
material.  Please  find  attached  the  first  version  of  the  letter  that  was  submitted  when  this  project 
started. 

Actual  or  anticipated  problems  or  delays  and  actions  or  plans  to  resolve  them:  None 
IMPACT 

Impact  on  the  development  of  the  principal  discipline(s)  of  the  project:  Creation  of  a  well 
annotated  biorepository  of  early-stage  tumors  allows  performing  correlative  clinical  and  genomic 
studies  on  these  tumors  that  are  so  poorly  characterized  and  yet  significantly  affect  the  life  of  so 
many  women. 

Impact  on  other  disciplines:  Nothing  to  report 

Impact  on  technology  transfer:  We  anticipate  that  genomic  discoveries  in  this  project  will  have 
commercial  application. 

Impact  on  society  beyond  science  and  technology:  Nothing  to  report 
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201 61217_WW_0045-Geico_WW360G-1_S17.ali>pe  (24,770,459  reads) 

1 67k x  1 5  kbp.  362  seqments  E  o=  0.0301 , 0.1 31 


♦  ¥ ¥ ¥  f  T 

1  2  3  4  5  6  7  3  3  10  11  12  13  14  15  17  13  21 


chromosomes 


201 61 21 7_WW_0Q50-Geico_WW3600-1  _S1 8.aln-pe  (24,778,285  reads) 

r  167kx  1 5  kbp.  701  segments  .  E  c=  0.0373,  oa  =  0.163 

3  I  1  1  V  I  I  I  I  I  "  I  I  I  I  I  I  I  I  I  P  I  I  I  I 


4  - 
3  - 


1  2  3  4  5  6  7  3  3  10  11  12  13  14  15  17  13  21 


chromosomes 


6 


log2  ratio  log2  ratio 


20161 21 7_WW_0Q58-Geico_WW36QQ-1  _S1 1  .aln  -pe  (20,633,451  reads) 

r  1 67k  x  1 5  kbp.  1 63  segments  Eo=01097B,oi  =  0116 

b  i  1  1  r  i  i  i  i  i  i  i  p  i  i  i  i  i  i  i  i  i  i  i 

i  I  I  I  i  I  I  I  i  I  i  i  I  I  I  I  I  4  i  I  4 

I  I  I  i  I  I  i  I  I  i  1  i  I  I  I  I  I  4  i  I  4 

i  I  I  I  i  I  I  I  I  I  i  i  I  I  i  I  I  4  i  I  4 

1  I  i  (  I  I  I  i  I  i  I  I  I  I  \  I  I  I  4  I  I  4 

I  I  I  i  i  I  i  I  i  I  I  I  i  I  I  I  I  4  I  I  4 

I  i  I  I  i  I  i  I  I  I  I  I  I  4  I  I  I  4  I  I  I 

I  i  I  I  I  I  I  I  i  I  I  i  i  I  I  I  I  4  i  I  4 

j  I  i  i  I  i  I  I  I  I  I  I  i  i  i  I  i  I  4  i  I  4 


2  - 


' T T T T I T1 T T T ■ i T T ■ ■ T r 

1  2  3  4  5  6  7  3  3  10  11  1213  14  15  17  13  21 


chromosomes 


201 61 21 7_WW_0Q65-Geico_WW3600-1  _S1 6.aln-pe  (30,989,953  reads) 

h.  167kx  1 5  kbp,  228  segments  E  c=  0.0795.  oA=  0.1 55 

j  i  T  i  i  "  i  i  i  i  ■  i  i  i  i  i  r  r  i  i  i  i 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  I-  I  4  I  I  4 

I  I  4  I  I  I  I  I  I  I  4  4  t  4  I  H  I  I  I  4  1 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  l  lkll'44 

I  I  4  I  I  I  I  I  I  I  I  4  t  4  j  I  I  4  I  4  4 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  N  I  4  I  I  4 

I  |  I  i  I  ,  I  I  I  I  ,  I  I  I  I  I  I  |  j|  I  I  I 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  I  I  I  4  f  4  4 

I  I  4  I  I  I  I  I  I  1  I  I  I  4  IKI4II4 

I  I  4  I  I  I  I  I  1  I  4  4  t  4  4  I  I  4  t  4  4 

jpi  I  I  I  I  I  I  i  i  I  I  I  I  I  I  I  I  H  1  I  I  i 

J  I  I  I  I  I  I  I  I  I  I  4  4  t  4  I  k  k  4  t  4  4 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  13  21 

chromosomes 


7 


log2  ratio  log2  ratio 


20161 21 7_WW_007Q-Geico_WW36QG-1  _S1 4.aln-pe  (23,082,382  reads) 

_  1 67k x  1 5  kbp.  235  segments  *  *  Eo=  0.0916,  oA=  0.1 53 

5  -  i  r  T  x  i  i  i  i  i  -  i  i  i  i  r  i  ii  i 


4  - 


 J  i  i_ i_ i  i  i_ i 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 

chromosomes 


5 
4 
3 
2 
1 
0 
-II 
-2 
-3 

1  2  3  4  5  6  7  3  9  10  11  12  13  14  15  17  19  21 


201 61 21 7_WW_0Q85-Geico_WW36QQ-1  SI 3.aln-pe  (20,203,158  reads) 


1 67k  x  1 5  kb£;  1 1 3  segments 


E  o=0.0963,  =  04  62 


chromosomes 


8 


log2  ratio  log2  ratio 


201 61 217WWQ1 1 3-OUH_WW36QQ-1_S7.aln-pe  (24,370,478  reads) 

^  1 67k  x  1 5  kbp.  256  segments  Eo=  0.0397,  c4=  0.1 63 

b  i  1  1  v  i  i  i  i  i  i  i  p  i  iiiiiii*iii 


4  - 


 j  i  i_ i_ i  i  i_ i 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 

chromosomes 


20161217_WW_0116-OUH_WW3600-1_S8.aln-pe  (23,458,089  reads) 

167kx  1 5  kbp:  115  segments  E  c=  0.0912,  Oi  =  0.163 

j  i  T  i  i  "  i  i  i  i  ■  i  i  i  i  i  r  r  i  i  i  i 

I  I  >1  I  I  I  I  I  I  I  I  I  I  4  I  I  I  1114 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  H  I  1111 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  S  lkll'44 

I  I  4  I  I  I  I  I  I  I  I  4  t  4  j  I  I  I  I  4  4 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  N  I  4  I  I  4 

I  |  I  i  I  ,  I  I  I  I  ,  I  I  I  I  I  I  |  j|  I  I  I 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  I  I  I  I  f  4  4 

I  I  4  I  I  I  I  I  I  1  I  I  I  4  IKI4II4 

I  I  4  I  I  I  I  I  1  I  4  4  t  4  4  I  I  4  t  4  4 

jpi  I  I  I  I  I  I  i  i  I  I  I  I  I  I  I  I  H  1  I  I  i 

J  I  I  I  I  I  I  I  I  I  I  4  4  I  4  I  k  k  4  t  4  4 


2  - 


_Q  J _ i _ i _ i _ i _ i _ ! _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ i _ 

J 

1  2  3  4  5  6  7  3  9  10  11  12  13  14  15  17  19  21 

chromosomes 


9 


log2  ratio  log2  ratio 


5 

4 

3 

2 

1 

0 

-1 

-2 

-3 


201 61217_WW_0118-MGH_WW360Q-1_S6.aln-pe  (24,704,034  reads) 

1  67k  x  1  5  kbp.  297  segments  Ecf=  0.0636,  0.164 

- - r-*'  • - r  ~  i  ~t —  n  i  i  i  i  p  i  i  i  i  i  i 1 — ~r  i  ~r~r — 


- l - * - * - ' - f1 - 1-T - ' - ' - T - 1 - 1 - 1 - - 1 - 1 - ■— 

1  2  3  4  5  6  7  3  9  10  11  12  13  14  15  17  19  21 

chromosomes 


20161217_WW_0119-MGH_WW36QQ-1_S5.aln-pe  (19,423,092  reads) 

r  167hx  1 5  hbp.  94  segments  E  cr=  0.099,  ca  =  0.1 52 

3  I  1  1  1 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  V  I  I  I  I 


4  - 
3  - 
2  - 


chromosomes 


10 


log2  ratio  log2  ratio 


201 61217WW01 20-MGH_WW36QQ-1_S2.aln-pe  (13,442,033  reads) 


1 67k  x  1 5  kfap.  30  segments 


Ec=0.121, 5^  =  0.196 


6  7  3  0 

chromosomes 


10  11  12  13  14  15  17  19  21 


201 61 217WW01 23-OUH_WW360Q-1_S21  .aln-pe  (24,743,317  reads) 


chromosomes 


11 


log2  ratio  log2  ratio 


5 

4 

3 

2 

1 

0 

-1 

-2 

-3 


201 61 21 7WW01 27-OUHWW36QQ-1  _S22.aln-pe  (13,922,796  reads) 


1 67k x  1 5  kbp.  61  segments  E  o=  0.101 , =  0.1 57 


1  2  3  4  5  6  7  6  0  10  11  1213  14  15  17  10  21 

chromosomes 


201 61 217WW01 23-OUH_WW3600-1_S1 9.aln-pe  (23,357,541  reads) 

i_  167kx  1  5  kbp:  202  segments  E  o=  0.0852,  oA  =  0.208 

rs  i  r  i  i  ■  i  i  i  i - 1 - 1 - i - 1 - 1 - 1 - 1 - 1 - 1 — i - 1 — i 


chromosomes 


12 


log2  ratio  log2  ratio 


5 
4 
3 
2 
1 
0 
-1 
-2 
-3 

1  2  3  4  5  6  7  B  9  10  11  12  13  14  15  17  19  21 

chromosomes 


2Q1702Q3_WW_QQ23-Geico_WW36QQ-2_S8.aln-pe  (44,859,247  reads) 

5 

4 
3 
2 
1 
0 
-1! 

-2 
-3 


167kx 1 5  kbp.  63  segments  E  o=  0.0654:  oA=  0.133 

I  1  1  1 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  V  I  I  I  I 


“I  r  I  1  ¥  1  >~W  I  I  1  I  I  i  i  iii 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 

chromosomes 


2017Q2Q3_WW_001 9-Geico_WW3600-2_S24.ali>pe  (35,221 ,052  reads) 


Ec=  0.0741  A  =0.1  6 


13 


log2  ratio  log2  ratio 


5 
4 
3 
2 
1 
0 
-1 
-2 
-3 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 


2017Q203_WW_0036-Geico_Ww36QQ-2_S15.ali>pe  (33,451,819  reads) 


1 67k  x  1 5  kfap.  1 1 7  segments 


E  o=  0.0759.  oA  =  0.1  54 


chromosomes 


201 70203_WW_0072-Geico_WW3600-2_S1 9.aln-pe  (30,695,953  reads) 

h.  167kx  15  kbph  167  seq merits  E  c=  0.07,  oA  =  0.133 

3  I  1  1  V  I  I  I  I  I  I  I  I  I  I  I  I  I  I  F  I  I  I  I 


4  - 
3  - 
2  - 


chromosomes 


14 


log2  ratio  log2  ratio 


2017O2O3_WW_GG8Q-Geico_WW36QQ-2_S2.ali>pe  (49,869,473  reads) 


p.  1 67k  x  1 5  kfap .  1 49  seqme  nts 
4 


E  o=  0.06 14.  oA  =  0.1 23 


7  3  9 

chromosomes 


10  11  12  13  14  15  17  19  21 


201 7Q2Q3_WW_QG81  -Geico_WW36QQ-2_S2Q.aln-pe  (41,311,009  reads) 


E  <5=  0.0665.  -i  A  =  0.1 69 


7  6  9 

chromosomes 


12  13  14  15 


19  21 


15 


log2  ratio  log2  ratio 


20170203_WW_0039-Geico_WW3600-2_S7.aln-pe  (42,924,350  reads) 

^  1 67k  x  1 5  kbp.  51 1  segments  *  Eo=  0,0667,5*  =  0.145 

b  i  *  v  i  i  i  i  ibi  i  t  i  i  i  i  i  i  i  i  i  i  i 

i  I  I  i  1  I  i  I  i  I  i  i  i  I  i  H  I  1  i  1  i 

I  I  I  I  i  I  I  I  1  I  1  i  I  I  I  I  I  4  i  I  'I 

I  I  I  i  I  I  I  I  I  i  i  i  I  I  I  I  I  4  I  I  1 

I  I  I  I  i  I  I  I  I  I  i  i  I  I  (  I  k  I  t  I  I 

1  I  i  >  I  I  I  I  I  i  I  I  I  I  \  I  I  I  A  I  I  'I 


3  - 


-3  J - 1 - 1 - 1 - s - 1 - T - 1 - -i - 1 - f— 1 - 1 - 1  i  1  ,  1  I  1  I  1  i  1  i 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 

chromosomes 


2017020  3_W  W_0094-  Ge  i  c  o_W  W  3  6  0  0  ■  2_S  1 2 .  a  I  n  ■  p  e  (55,959,773  reads) 

h.  167kx  15  kbp,  236  segments*  E 0=0,0582,0^  =  0,144 

j  i  T  i  i  "  i  i  i  i  ■  i  i  i  i  i  r  r  i  i  i  i 


4  - 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 


chromosomes 


16 


log2  ratio  log2  ratio 


2Q1702Q3_WW_QD99-Geico_WW36QQ-2_S1 6.aln-pe  (34,1 57,444  reads) 


5  1 67k  x  1 5  kbp;  247  seqme  nts 


E  o=  0.0751  scA  =  0.1  63 


4 

3 

2 

1 

0 

-1 

-2 

-3 


7  6  6 

chromosomes 


10  11  12  13  14  15 


17  19  21 


5 
4 
3 
2 
1 
0 
-II 
-2 
-3 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 


201 7Q2Q3WW01 05-Geico_WW36QQ-2_S6.aln-pe  (66,832,733  reads) 


chromosomes 


17 


log2  ratio  log2  ratio 


201 70203  WWQ1 1  0-BWH  JVW36QQ-2_S23.aln-pe  (29,423,043  reads) 


1 67k  x  1 5  kbp;  292  seqme nts 
4 


E  o=  0.06 13.  oA  =  0.175 


7  3  9 

chromosomes 


12  13  14  15 


19  21 


5 

4 

3 

2 

1 

0 

-II 

-2 

-3 


20 1 70 2 0 3_W  W_0  1 1 4-OUH_WW3600-2_S21  .aln-pe  (30,31 0,848  reads) 

1 67k  x  1 5  kbp:  244  segments  E  c= 0.06, =  0.1 67 


1  2  3  4  5  6  7  3  9  10  11  12  13  14  15  17  19  21 


chromosomes 


18 


log2  ratio  log2  ratio 


3 

2 

1 

0 

-1 

-2 

-3 


201 70203  WW01 24_GUH_WW3600-2_S4.aln-pe  (41,979,254  reads) 


1 67k  x  1 5  kfap.  I_29  segments 


Eo=  0.0665.  -SA  =0.171 


u  - 


7  6  9 

chromosomes 


12  13  14  15 


19  21 


2017020 3_W  W_0  1 3 S- OU H_W W 3  6 0  0-  2_S  3  .a  I  n-  pe  (43,739,161  reads) 

h.  167kx  1 5  kbp.  320  segments  E  o=  0.0675,  oA  =  0.221 

b  i  1  r  v  i  i  i  i  i  i  i  i  i  i  i  i  i  i'  p  i  i  i  i 


4  - 
3  - 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 


chromosomes 


19 


log2  ratio  log2  ratio 


5 
4 
3 
2 
1 
0 
-1 
-2 
-3 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  13  21 

chromosomes 


2017020 3_W  W_0  1 4 3- OU H_W W 3  6  0  0-  2_S  1 0 .  a  I  n-  pe  (40,416,735  reads) 

h.  167k  x  1 5  kbp:  11 5  segments  E  c=  0.0633.  cA  =  0.146 

D  i  1  v  i  i  i  i  i  i  i  i  i  i  i  i  i  \!  v  i  i  i  v 

I  I  >1  I  I  I  I  I  I  I  I  I  I  4  I  I  I  1111 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  B  h  1114 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  I  I  k  1  t  4  4 

I  I  4  I  I  I  I  I  I  I  I  4  t  4  I  I  I  I  I  4  4 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  N  I  4  I  I  4 

■  I  i  i  a  |  1  |  |  |  |  |  |  |  |  I  |  |  |  „■  |  |  I 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  I  I  1114 

I  I  4  I  I  I  I  I  I  I  4  4  t  4  I  K  fe  1  t  4  I 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  I  I  I  I  I  4 

ipi  I  I  I  I  I  I  i  i  I  I  I  I  I  I  I  I  H  1  I  I  i 

j  I  I  I  I  I  I  I  I  I  ■  4  4  I1  4  lkkll'44 

2 

1 
0 
-II 
-2 
-3 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 

chromosomes 


2Q170203  WW01 38-QUH_WW3600-2_S22.mi>pe  (64,639,412  reads) 


1 67k  x  1 5  Kbp;  34 1  segments 


E  o=  0.0543.  -SA  =  0.176 


20 


log2  ratio  log2  ratio 


201 7Q2Q3WWQ1 47-BWHWW3600-2  S1 4.aln-pe  (34,275,567  reads) 

167kx  1 5  kbp.  474  segments  Ec=  0.0746,  oA=  0.1 3 

b  i  *  r  i  i  i  i  i  i  i  t  i  i  i  i  i  i  i  i  i  i  i 

i  I  I  i  1  I  I  I  i  I  I  i  i  I  i  I  I  4  i  I  >1 

I  I  I  I  i  I  I  I  i  I  i  i  I  I  I  I  I  4  i  I  4 

I  I  I  i  I  I  i  I  I  i  1  i  I  I  I  I  I  4  i  I  4 

I  I  I  I  i  I  I  I  I  I  i  i  I  I  i  I  I  4  i  I  4 

1  I  i  (  I  I  I  i  I  i  I  I  I  I  i  I  I  I  4  I  I  4 

I  I  I  i  i  I  i  I  i  I  I  I  i  I  I  I  I  4  I  I  4 

I  i  I  I  i  I  i  I  I  I  I  I  I  4  I  I  I  4  I  I  I 

I  i  I  I  I  I  I  I  i  I  I  i  i  I  I  I  I  4  i  I  4 

j  I  i  i  I  i  I  I  I  I  I  I  i  i  i  I  i  I  4  i  I  4 

2 
1 
0 
-1 
-2 
-3 

chromosomes 


2Q17Q2Q3_WW_Q149-BWH_WW36QQ-2_S1 3.aln-pe  (45,979,527  reads) 

5 

4 
3 
2 
1 
0 
-1 
-2 
-3 


chromosomes 


i  i  ^  i  ^  i  ^  ^  i  ^  i  ^  i  i  -^  |  "  |  *  |  *  |  1  1  ;  1  |  *  i  1  |  1  |  *  |  *  ; 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 


21 


log2  ratio  log2  ratio 


201 70203  WW  01  5Q-BWH_WW36Q0-2_S9.aln-pe  (47,593,845  reads) 

^  167kjt  15  kbp.  31 1  seqments  Eo=  0.0637,  oA  =  0.127 

b  |  ■  i  1  1  v  i  i  i  i  i  i  i  p  i  i  i  i  i  i  i  i  ■  i  i  i 

I  I  I  I  1  I  I  I  i  I  i  i  I  I  I  I  I  4  i  I  4 

I  I  I  i  I  I  i  I  I  i  1  i  I  I  I  I  I  4  i  I  4 

I  I  I  I  i  I  I  I  I  I  i  i  I  I  i  I  I  4  i  I  4 

1  I  i  (  I  I  I  i  I  i  I  I  I  I  \  I  I  I  4  .  I  I  4 


3  - 


 2  i  i_ i_ i_ i_ i  ■ 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 

chromosomes 


201 T0203  WW  01  SI  -BWH  WW3600-2  S1  .aln-pe  (46,041 ,468  reads) 


chromosomes 


22 


log2  ratio  log2  ratio 


20170203  WW  Q1 55-BWHWW3600-2  S1 8.aln-pe  (31,062,543  reads) 

r  1 67k  x  1 5  kbp.  1 33  segments  Eo=  0.076,  a*  =  0.1  66 

b  i  1  1  v  i  i  i  i  i  i  i  p  i  i  i  i  i  i  i  i  i  i  i 


4  - 


 j  i  j_ i_ i  i  i_ i 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 


chromosomes 


2017020 3_W  W_0 1  S6-BWH_WW3600-2_S1 1  .aln-pe  (24,307,514  reads) 

h.  1 67k  x  15  kbp,  292  segments  E  o=  0.0886,  oA=  0.139 

j  i  T  i  i  "  i  i  i  i  '  i  i  i  i  i  r  r  i  i  i  i 

I  I  4  I  I  I  I  I  I  I  I  I  I  4  I  H  I  1114 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  S  lkll'44 

I  I  4  I  I  I  I  I  I  I  I  4  t  4  j  I  I  I  I  4  4 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  N  I  4  I  I  4 

I  |  I  i  I  ,  I  I  I  I  ,  I  I  I  I  I  I,  |  p|  I  I  J 

I  I  4  I  I  I  I  I  I  I  4  4  I  4  I  I  I  I  f  4  4 

I  I  4  I  I  I  I  I  I  1  I  I  I  4  IKI4II4 

I  I  4  I  I  I  I  I  1  I  4  4  t  4  4  I  I  4  t  4  4 

jpi  I  I  I  I  I  I  i  i  I  I  I  I  I  I  I  I  H  1  I  I  i 

J  I  I  I  I  I  I  I  I  I  I  4  4  t  4  I  k  k  4  t  4  4 


2  - 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  17  19  21 

chromosomes 


23 


log2  ratio  log2  ratio 


5 
4 
3 
2 
1 
0 
-1 
-2 
-3 

1  2  3  4  5  6  7  6  9  10  11  12  13  14  15  17  19  21 

chromosomes 


2Q17Q2Q3_WW_Q1 64-BWH_WW36QQ-2_S17.aln-pe  (31,242,771  reads) 

5 

4 
3 
2 
1 
0 
-II 
-2 
-3 


20170203  WW01 6l-BWH_WW360Q-2_35.am-pe  (34,776,859  reads) 


E  o=  0.074;  oA  =  0.1  35 


24 


